The structure of the amine tautomer of the new Schiff base derived from 4-benzoyl-5-methyl-2-phenyl-2,4-dihydro-pyrazol-3-one (2) and 4-phenyl-thiazol-2-ylamine (3) was confirmed by means of single crystal X-ray diffraction. The title compound (4) was synthesized and crystals were grown from a mixture of dichloromethane and n-hexane ( 
Introduction
The chemistry of pyrazolone derivatives has attracted much attention because of their interesting structural properties and applications in diverse areas.
1 They can be used in laser materials, as 1 H NMR shift reagents, in chromatographic studies and in the petrochemical industry.
2 Furthermore, they are useful reagents for the extraction and separation of various metal ions.
3 Moreover, particular interest exists due to the ability of these compounds to exhibit several tautomeric forms: keto-imine, imine-ol and keto-amine. 4 These Schiff base ligands have been studied extensively due to their ease of synthesis and their ability to be readily varied both sterically and electronically. On the other hand, the aminothiazole ring system is a useful structural element in medicinal chemistry. 5 We have reported substituted pyrazolones with various amino thiazoles and their molecular structures were determined. 6 The ligands can exist in three tautomeric forms but the keto-amine form is predominant in the solid state. 7 In Schiff base compounds, the imine nitrogen can act as an interor intramolecular hydrogen bond acceptor. We are interested in exploring the essence of inter-and intra-molecular interactions of the ligand in metal stabilization, extraction and florescence effects in green chemistry.
As a part of our ongoing studies into the structure and utility of Schiff base ligands synthesized from pyrazolone and thiazole, we report the synthesis (Scheme 1), spectral properties, crystal structure, tautomerism (Scheme 2), and weak interactions of the Schiff base prepared from the condensation of 4-benzoyl-5-methyl-2-phenyl-2,4-dihydro-pyrazol-3-one (2) and 4-phenylthiazol-2-ylamine (3).
Experimental

Materials and Measurements
The compound 5-methyl-2-phenyl-2,4-dihydro-pyrazol-3-one (1) was obtained from Prima Chemicals, Ahmedabad, India. Methanol and dioxane were obtained from SD's Fine Chemical Ltd., India. Absolute alcohol was obtained from Baroda Chem. Industry Ltd. and was used after distillation. Calcium hydroxide and benzoyl chloride were obtained from Samir Tech. Chem. Pvt. Ltd. All the chemicals used were of AR grade. Solvents used in this study were purified following standard procedures. For the synthesis of compound 2, the benzoylation step was carried out in the presence of calcium hydroxide as per a literature method. 8 The elemental analysis was obtained by using a Flash Elemental Analyzer-1112. Infrared spectra (IR) were measured with a PerkinElmer Precisely 100 FTIR spectrometer. 1 H and 13 C NMR spectra were measured at 400.22 and 100.63 MHz, respectively, with a Bruker Avance III 400 MHz spectrophotometer by using TMS (tetramethylsilane) as the internal reference. Melting points were recorded on an Ernst Leitz Wetzlar hot stage melting point apparatus. Reactions were monitored by thin layer chromatography (TLC) on aluminum-backed plates coated with Merck Kieselgel 60 F254 silica gel. TLC plates were visualized by UV radiation at a wavelength of 254 nm. Crystals suitable for X-ray diffraction were obtained by slow evaporation of the title compound in a combination of dichloromethane with n-hexane (1:3) at room temperature. The data collection and cell refinement were achieved by using Bruker APEX2 and SAINT-Plus respectively. 9 The data reduction was performed with SAINT-Plus and XPREP. 9 The program used to solve and refine the structure was SHELXS 97. 10 For molecular graphics ORTEP-3 11 and OLEX2 12 were employed to prepare the material for publication.
equipped with a stirrer, separating funnel and reflux condenser. Calcium hydroxide (1.7 g, 23 mmol) was added to this solution, followed by benzoyl chloride (3.23 g, 11.5 mmol) added dropwise with precaution, as this reaction was exothermic. During this addition the reaction mass was converted into a thick paste. After the complete addition, the reaction mixture was refluxed for half an hour and then it was poured into dilute hydrochloric acid (50 mL, 2 M). The crude product 4-benzoyl-5-methyl-2-phenyl-2,4-dihydro-pyrazol-3-one (2) obtained was separated by filtration and recrystallized from n-hexane to give a bright yellow crystalline solid (2.5 g, 80 %).
A solution of 2 (1 g, 3.6 mmol) in methanol (30 mL) was added to another solution of 4-phenyl-thiazol-2-ylamine (3) (0.63 g, 3.6 mmol) in methanol (20 mL) under an inert atmosphere. The reaction mixture was refluxed for three hours. Completion of the reaction was monitored by TLC using hexane/ethyl acetate (8:2). The reaction was allowed to cool to room temperature and stirred overnight. A yellow precipitate formed which was then filtered and washed with methanol (10 mL). The crude product was purified by crystallization from ethanol to give brown crystals of the desired product 5-methyl-2-phenyl-4-[phenyl-(4-phenylthiazol-2-ylamino)-methylene]-2,4-dihydro-pyrazol-3-one (4) (1.2 g, 77 %), mp. = 199°C. IR (cm -1 ): 3153, 1616, 1591, 1540, 1516, 1490, 1385, 1353, 1209, 1196, 839, 821, 724, 688 165.04, 160.88, 159.27, 153.04, 147.55, 138.42, 136.09, 134.47, 131.15, 129.47, 129.34, 126.04, 119.39, 107.58, 103.39, 15 .97 ppm.
Results and Discussion
Characterization of the Ligand
The compound was stable at room temperature, non-hygroscopic, insoluble in n-hexane, petroleum ether and toluene, and soluble in chloroform, dichloromethane and ethyl acetate. Analytical data are shown in Table 1 .
The general structure of these ligands is such that they can exist in three tautomeric forms as shown in Scheme 2. Detailed solution and solid-state studies of the ligand were carried out to establish the predominant tautomer.
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Scheme 1
Synthetic pathway for the Schiff base ligand.
Scheme 2
The possible tautomeric forms of the Schiff base. 
IR and NMR Spectroscopy
The IR spectra of this family of ligands exhibit two characteristic bands at 3135 and 1616 cm -1 , which can either be assigned to u O H and u C=N, respectively, for the tautomeric imine-ol form (Scheme 2, I) or u N-H and u C=O respectively for the keto-amine form (Scheme 2, III) of the ligand. We assigned these two peaks to u N-H and u C=O, respectively, for the latter form in conjunction with the information obtained from crystallographic studies (discussed below).
The 1 H and 13 C NMR spectra of the ligand were recorded in CDCl 3 at room temperature and the data are presented in the experimental section. The signals due to methyl protons appear as singlets at d 1.48 ppm. Another singlet was observed at d 6.84, which corresponds to the only proton of the thiazole ring. In the aromatic region between d 7.13 and 7.98 ppm overlapping doublets and multiplets are observed. One broad singlet, corresponding to a single proton, is observed at d 13.73 ppm. This signal disappeared when a D 2 O exchange experiment was carried out and integrates exactly for one proton, which suggests that only one tautomeric form of the ligand exists in solution under the experimental conditions. Although no temperature dependent experiments were carried out, comparing with the solid state study, this signal was assigned to NH. However, assignment of this peak to OH cannot be ruled out, provided the solid state structural evidence is not considered. This assignment is not without contention as several researchers have reported the determination of the imine-ol (I) tautomer in solution. For example, in the case where an N-oxime derivative was made, the imine-ol molecule is present exclusively. A mixture of the two tautomers has also been reported in solution. 13 However it is important to note that in the vast majority of examples where X-ray data are shown, the crystal structure is invariably the keto-amine isomer (III). 7, 14 In the 13 C NMR spectrum the carbon atom of the methyl group appears at d 15.97 ppm. The singlet appearing at d 103.39 ppm is assigned to the carbon atom of the C-N moiety; the significant upfield shift is due to the electron donating phenyl group attached to it. The signal appearing at d 107.58 ppm can be assigned to the C-H of the thiazole ring. The correlation between carbon and hydrogen can be seen from the HSQC data (see online supplement). The carbon atoms of the three benzene rings exhibit signals in the range of d 119-139 ppm. In the low field region, five signals were observed at d 147. 55, 153.04, 159.27, 160.88 and 165 .04 ppm, which are associated with the carbon atoms of the heterocyclic ring. The most deshielded signal at d 165.04 ppm can be assigned to the C=O carbon and the next signal at d 160.88 ppm was assigned to the carbon of C=N.
X-ray Crystallography Studies
Crystal data collection parameters are given in Table 2 . The molecular structure of the ligand (Fig. 1) was determined from single crystal X-ray studies.
This structure determination gives evidence for the existence of the keto-amine form (in the solid state). An analysis of the structural data shows that the C10-O1 distance in the pyrazolone moiety is 1.244(15) Å, which is significantly shorter than the distances found for C OH in some pyrazolone derivatives, 1.341, 1.346 Å 15 and 1.331 Å; 16 however, they are close to the distances found for C=O in similar compounds, 1.262 Å. 15 The C10-N1 distance of the imine moiety is at 1.376(15) Å, which is significantly longer than those found for C=N in pyrazolone compounds, 1.298(2) Å 17 and 1.383(2) Å, 1i but similar to that found for C-N (1.339(3) Å). 18 It should also be noted that the proton associated with N3 can be located from the Fourier difference map. The bond between the C9 and C11 carbon atoms is a double bond and it further concludes that the resulting Schiff base is present as a keto-amine (III in Scheme 2) tautomeric form, rather than the imine-ol (I in Scheme 2) in the solid state. However, the N-H proton is clearly hydrogen bonded with the O1 atom, the N3···O1 distance is 2.690(13) Å and the N3-H3A···O1 angle is 144.1(17) ° (Table 3 ). The possibility of the attachment of H3A with C9 (imine-one form-II) is ruled out on the basis of the angles around C9. The summation of the three angles C7-C9-C10, C7-C9-C11 and C10-C9-C11 is 359.91 and is close to the ideal value of 360 expected from the coplanar C7, C9, C10 and C11 atoms. Selected bond angles and bond lengths are summarized in Table 4 .
Thus, the crystal structure study conclusively proves the existence of this compound in the keto-amine (III) form.
With the help of XRD analysis, the possible weak interactions of the resulting Schiff base were also studied (Fig. 2) . The molecular structure is primarily stabilized by a strong intra molecular N3-H3A···O1 hydrogen bond [N3-H3A = 0.883(19) Å, H3A···O1 = 1.925(18) Å, N3···O1 = 2.6901 (13) pseudo nine-membered (N1-N2-C7-C9-C11-N3-H3A···O1-C10) hydrogen bonded pattern, thus locking the molecular conformation and eliminating conformational flexibility. However, intermolecular interaction involves C-H···O interactions [the C17-H17···O1, C···O distance being 3.2954 (16) Å, and the C-H···O angle being 153°, Fig. 2 ] which stabilize the packing. Table 4 show the intramolecular and intermolecular hydrogen bond geometry, respectively, for the ligand.
Conclusion
There are three possible tautomers for this broad family of compounds. The Schiff bases produced by the reaction between 4-benzoyl-5-methyl-2-phenyl-2,4-dihydro-pyrazol-3-one (2) and 4-phenyl-thiazol-2-ylamine (3) are shown to exist in the RESEARCH ARTICLE keto-amine (III in Scheme 2) form in deuterated chloroform solutions at room temperature by assigning the NMR signal at 13.73 ppm to the NH, although assignment of this signal to OH cannot be ruled out if the solid state structural evidence is not considered. The crystal structure of 5-methyl-2-phenyl-4-[phenyl-(4-phenyl-thiazol-2-ylamino)-methylene]-2,4-dihydro-pyrazol-3-one (4) showed that the synthesized Schiff base exists also in the keto-amine form in the solid state. Furthermore, this solid state structure shows that strong hydrogen bonding between the amine hydrogen and the pyrazolone C10 carbonyl oxygen helps to stabilize the structures of these compounds in the keto-amine form.
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1. Experimental
Materials
The compound 5-methyl-2-phenyl-2,4-dihydro-pyrazol-3-one 1 was obtained from Prima chemicals, Ahmedabad, India. Methanol, dioxane, was obtained from SD's fine chemical Ltd., India. Absolute alcohol was obtained from Baroda Chem. Industry Ltd. and was used after distillation. Calcium hydroxide and benzoyl chloride were obtained from Samir Tech. Chem.
Pvt. Ltd. All the chemicals used were of AR grade. Solvents used in this study were purified following the standard procedures.
Physical measurements
The elemental analysis was obtained from Flash Elemental Analyzer-1112. Infrared spectra (IR)
were measured using a Perkin Elmer Precisely Spectrometer100 FT-IR spectrometer. 1H and 13C NMR spectra were measured at 400.22 and 100.63 MHz, respectively, with a Bruker Avance III 400 MHz spectrophotometer by using TMS (tetramethylsilane) as the internal reference. Melting point is recorded on an Ernst Leitz Wetzlar hot stage melting point apparatus.
Reactions were monitored by thin layer chromatography (TLC) on aluminum-backed plates coated with Merck Kieselgel 60 F254 silica gel. TLC plates were visualized by UV radiation at a wavelength of 254 nm.
Synthesis of Schiff base ligand
5-Methyl-2-phenyl-2,4-dihydro-pyrazol-3-one 1 (2 g, 11.5 mmol) was dissolved in hot dioxane (20 mL) in a flask equipped with a stirrer, separating funnel and reflux condenser. Calcium hydroxide (1.7 g, 23 mmol) was added to this solution, followed by benzoyl chloride (3.23 g, 11.5 mmol) added drop wise with precaution, as this reaction was exothermic. During this addition the whole mass was converted into a thick paste. After the complete addition, the reaction mixture was refluxed for half an hour and then it was poured into dilute hydrochloric acid (50 mL, 2 M). The colored crystals of 4-benzoyl-5-methyl-2-phenyl-2,4-dihydro-pyrazol-3-
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one 2 thus obtained were separated by filtration and recrystallized from n-hexane to give a bright yellow crystalline solid (2.5 g, 80%).
A solution of 4-benzoyl-5-methyl-2-phenyl-2,4-dihydro-pyrazol-3-one 2 (1 g, 3.6 mmol) in methanol (30 mL) was added to a another solution of 4-phenyl-thiazol-2-ylamine 3 (0.63 g, 3.6 mmol) in methanol (20 mL) under an inert atmosphere. The reaction mixture was refluxed for three hours. Completion of the reaction was monitored by TLC using hexane/ethyl acetate (8:2).
The reaction was allowed to cool to room temperature and stirred overnight. A yellow precipitate formed which was then filtered and washed with methanol (10 mL). The crude product, purified by crystallization from ethanol to give brown crystals of the desired product 5-Methyl-2-phenyl- (1) 376 (1) 6621 (1) 2484 (2) 15(1) C (2) -459 (1) 6706 (1) 3370 (2) 18(1) C (3) -1022 (1) 6188 (1) 3708 (2) 22(1) C (4) -769 (1) 5587 (1) 3187 (2) 24(1) C (5) 62 (1) 5507 (1) 2312 (2) 23(1) C (6) 637 (1) 6018 (1) 1950 (2) 19(1) C (7) 1232 (1) 8163 (1) 2131 (2) 15(1) C (8) 1029 (1) 8851 (1) 2265 (2) 19(1) C (9) 2077 (1) 7856 (1) 1590 (2) 15(1) C (10) 1861 (1) 7184 (1) 1623 (2) 15(1)
S9
C (11) 2955 (1) 8089 (1) 1200 (2) 15(1) C (12) 3212 (1) 8770 (1) 1367 (2) 17(1) C (13) 3678 (1) 8985 (1) 3045 (2) 21(1) C (14) 3920 (1) 9616 (1) 3238 (2) 27(1) C (15) 3704 (1) 10030 (1) 1773 (2) 31(1) C (16) 3240 (1) 9817 (1) 107 (2) 31(1) C (17) 2993 (1) 9185 (1) -107(2) 24(1) C (18) 4552 (1) 7766 (1) 276 (2) 17(1) C(19) 6097 (1) (1) 947 (1) 7154 (1) 2167 (1) 15(1) N (2) 573 (1) 7757 (1) 2469 (1) 16(1) N (3) 3621 (1) 7672 (1) 745 (2) 18(1) N (4) 5083 (1) 7275 (1) 28 (2) 17 (1) O (1) 2388 (1) 6734 (1) 1290 (1) 19(1) S (1) 5081 (1) 8489 ( (18) 88.32(6) _____________________________________________________________ Symmetry transformations used to generate equivalent atoms: (1) 14 (1) 16 (1) 15 (1) 2(1) 1(1) -2(1) C (2) 17 (1) 17 (1) 21 (1) 1 (1) 4(1) 1(1) C (3) 17 (1) 23 (1) 28 (1) 2 (1) 7(1) -2(1) C (4) 22 (1) 19 (1) 31 (1) 2 (1) 5(1) -6(1) C (5) 24 (1) 16 (1) 29 (1) -2(1) 4(1) -1(1) C (6) 18 (1) 18 (1) 21 (1) -1(1) 4(1) 0(1) C (7) 17 (1) 16 (1) 14 (1) 0(1) 2(1) 1(1) C (8) 18 (1) 15 (1) 24 (1) -1(1) 5(1) 1(1) C (9) 15 (1) 15 (1) 15 (1) 0(1) 2(1) 1(1) C (10) 14 (1) 18 (1) 13 (1) 1 (1) 2(1) -1(1) C (11) 15 (1) 16 (1) 14 (1) 0(1) 1(1) 0(1) C (12) 14 (1) 15 (1) 22 (1) -2(1) 5(1) -1(1) C (13) 21 (1) 20 (1) 22 (1) -1(1) 2(1) -3(1) C (14) 27 (1) 24 (1) 31(1) -8(1) 2(1) -5(1) C (15) 37 (1) 16 (1) 42(1) -3(1) 9(1) -5(1) C (16) 41(1) 20(1) 33(1) 6(1) 5(1) 2(1) C (17) 27(1) 21(1) 23(1) 1(1) 1(1) 1(1) C (18) 14 ( (21) 14 (1) 23 (1) 16(1) -1(1) 1(1) 1(1) C (22) 17 (1) 24 (1) 28(1) -3(1) 6(1) -2(1) C (23) 16 (1) 32 (1) 33(1) -6(1) 8(1) -1(1) C (24) 20 (1) 30 (1) 34(1) -4(1) 7(1) 6(1) C(25) 27 (1) 23 (1) 37 (1) 3 (1) 11 (1) 3(1) C (26) 19 (1) 25 (1) 27 (1) 2(1) 9(1) 0(1) N (1) 14 (1) 13 (1) 18 (1) 0(1) 4(1) 1(1) N (2) 16 (1) 14 (1) 18 (1) 0(1) 3(1) 2(1) N (3) 14 (1) 16 (1) 24(1) -1(1) 5(1) -2(1) N (4) 14 (1) 19 (1) 19(1) -1(1) 3(1) -1(1) O (1) 17 (1) 16 (1) 24(1) -1(1) 6(1) 2(1) S (1) 17 (1) 17 (1) 36 (1) 3(1) 9(1) -1(1) ______________________________________________________________________________ 
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